UNITED STATES OF AMERICA 



SPECIFICATION 



BE IT KNOWN that I, Roy Edward Creek of 37 West Point, 
Newick, East Sussex, BN8 4NU, United Kingdom, a citizen of 
the United Kingdom, have invented new and useful AN 
ASPHERIC SCREEN FOR VISUAL DISPLAY APPARATUS of 
which the following is a specification. 
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AN ASPHERIC SCREEN FOR VISUAL DISPLAY APPARATUS 

This invention relates to visual display apparatus and, more 
especially, this invention relates to an aspheric screen for visual display 
apparatus. The visual display apparatus may be for use in simulators used 
for training, research, leisure or entertainment. 

In simulators used for training, research, leisure or entertainment it is 
well known to use large collimated displays. It is also well known that the 
large collimated displays may conveniently be formed from a large tilted 
concave mirror wrapped around a simulator cockpit. This arrangement 
collimates an image projected on to a large screen wrapped around the 
upper part of the cockpit above windows in the cockpit. The screen may be 
front-projected or back-projected. 

For convenience and economy, the collimated image provided by the 
display should be visible from the full cockpit volume. In particular, an 
image of good quality and correct perspective should be visible to both pilots 
in a wide-bodied aircraft simulator. 

In order to enhance the realism of the known simulators, the field of 
view of the display should be as large as possible. Horizontal fields of view 
of 1 80° - 225° are common. A vertical field of view of 40° is most common, 
with 45°, 50°, 55° and 60° also being in use. It is known for typical wide- 
bodied cockpits that a 40° vertical field of view may satisfactorily be 
achieved with a spherical mirror of about 3m radius and a spherical screen. 
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A vertical field of view of 50° may be achieved with the same radius mirror, 
but the screen must become aspheric. For a 60° vertical field, not only must 
the screen become aspheric, but also the mirror radius must increase to 
about 3.3m. Symmetry considerations arising from the large horizontal field 
of view and issues of manufacturing complexity mean that both the mirror 
and screen are surfaces of revolution about a vertical axis (not necessarily a 
common axis). A typical aspheric screen shape would be a torus. 

As the visual display system becomes larger, it becomes more costly 
to manufacture, and its greater mass imposes an increasing load on the 
simulator. Also, since such simulators are usually mounted on some kind of 
motion system, the motion system expands, requiring a larger and more 
expensive building to house the simulator. Still further, the large collimating 
mirror should be as light in weight as possible, and preferably in one piece 
so as not to introduce gaps in the field of view. It is well known to form this 
large collimated mirror from a stretched aluminised plastics sheet. Sheet of 
adequate quality is only available up to a certain width, which therefore limits 
the size of the visual display system. 

A 60° vertical field of view is found to be particularly useful for 
helicopter simulators, where it is typically disposed 20° up and 40° down. 
Such a visual display system can be realised within the constraints 
mentioned above. Such a large vertical field of view would be useful in 
other applications, perhaps disposed equally about the horizon, or with an 
upward bias. A 35° up, 25° down disposition would be of great interest for 
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in-flight refueling simulation. However, a coliimated image of adequate 
quality cannot be obtained within the above mentioned constraints for such 
a field of view disposition. 

It is an aim of the present invention to obviate or reduce the above 
mentioned problems. 

Accordingly, in one non-limiting embodiment of the present invention, 
there is provided an aspheric screen for visual display apparatus, the 
aspheric screen being such that it is not a surface of revolution about an 
axis, and the aspheric screen being such that it comprises first and second 
parts which are separated from each other by a third part, the first and 
second parts being such that they are curved in cross section and if 
connected together then they would form a surface of revolution, and the 
third part being such that it is straight in cross sectional view and is a short 
cylindrical centre section. 

The aspheric screen of the present invention makes it possible to 
achieve a larger vertical field of view with no downward bias, without a 
substantial increase in the size or complexity of the coliimated display 
system. 

Conceptually, in construction, the screen begins as a surface of 
revolution, which is split along its medium section. The two parts are 
separated and the short cylindrical centre section is inserted. The width of 
the cylindrical centre section is a further design parameter that can be used 
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to achieve a more advantageous trade off between field of view and image 
quality. 

The present invention also provides visual display apparatus when 
including the aspheric screen. Preferably, the visual display apparatus is a 
simulator. The simulator may be used for any suitable and appropriate 
purposes including training, research, leisure or entertainment. 

An embodiment of the invention will now be described solely by way 
of example and with reference to the accompanying drawings in which: 

Figure 1 shows a circular horizontal section through a known screen 

shape; 

Figure 2 shows the screen shape of Figure 1, conceptually split and 
separated; 

Figure 3 shows an aspheric screen with its central cylindrical section 
inserted (still in horizontal section); and 

Figure 4 shows a simulator using the aspheric screen shown in 
Figure 3. 

Referring to the drawings, Figure 1 shows a circular horizontal 
section through a screen 2 of known shape. An axis of revolution 4 is also 
shown. 

Figure 2 shows the screen 2 of Figure 1 conceptually split into first 
and second parts 6, 8 and separated by a third part 10. 

Figure 3 shows an aspheric screen 12 which is formed to the shape 
shown in Figure 2 so that the aspheric screen 12 comprises the first and 
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second parts 6, 8 and the third part 10. As can be seen from Figures 2 and 
3, the first and second parts 6, 8 are such that they are curved in cross 
section and if connected together, then they would form a surface of 
revolution. The third part 10 is such that it is straight in cross sectional view 
and is a short cylindrical centre section. 

Referring now to Figure 4, there is shown a simulator 14 containing 
visual display apparatus including the aspheric screen 12, a mirror 16 and 
projectors 18. Apart from the provision of the display system with the 
aspherical screen 12, the simulator 14 may be of standard construction. 
Thus the simulator 14 has a cockpit 20 and a motion system 22. The motion 
system 22 may be any suitable and appropriate motion system 22. 

The simulator 14 shown in Figure 4 provides a large vertical field of 
view with no downward bias. This is achieved without substantial increase 
in the size or complexity of the collimated display system forming part of the 
visual display apparatus for the simulator 14. 

It is to be appreciated that the embodiment of the invention described 
above with reference to the accompanying drawings has been given by way 
of example only and that modification may be effected. It is also to be 
appreciated from Figures 1-3 that the known screen shapes formed as 
surfaces of revolution appear as circular in the illustrated cross sectional 
views, and that the third part 10 is a central cylindrical segment which 
appears in the illustrated views as a straight line. 



